OBJECTIVES: Demographics of cardiac surgery patients are changing, with an increase in aged patients. We aim to identify risk factors, mortality, morbidity and increasing postoperative costs due to postoperative stroke in octogenarians following cardiopulmonary bypass (CPB).
INTRODUCTION
Age has been identified as an incremental risk factor for mortality after cardiopulmonary bypass (CPB) and has been related to an increasing percentage of postoperative adverse neurological outcomes [1, 2] . For instance, incidence of stroke related to CPB in patients older than 80 years ranges between 2 and 10.5% [3] [4] [5] [6] [7] [8] , markedly higher than the incidence of stroke described in younger patients [9] [10] [11] .
Neurological complications lead to significant morbidity and mortality related to cardiac surgery. The number of elderly patients undergoing CPB has considerably increased over the past decade. In our institution, the percentage of cardiac surgery procedures performed in octogenarians has increased from 4% in 2000 to 9.3% in 2012.
We aim to identify age influence in incidence of stroke after CPB. In addition, we intend to identify the risk factors for postoperative stroke, the effects of comorbid conditions, and the mortality, morbidity and increasing postoperative costs related to postoperative stroke in elderly patients compared with that for younger population.
MATERIALS AND METHODS
We retrospectively considered risk factors for stroke after CPB in patients older than 80 years. The study protocol was approved by the local ethics committee. Clinical data of 418 consecutive patients older than 80 years, who underwent cardiac surgery under CPB between January 2000 and December 2012 in a tertiary hospital (Group A) were considered. Patients with incomplete data collection (2 patients) were excluded from the analysis. Group A population was compared with 426 younger patients who had been operated in the same period of time, and matched according to gender, type of surgery and comorbidities (Group B).
Stroke was defined according to American Heart Association/ American Stroke Association expert consensus document [12] . Postoperative stroke was diagnosed with computed tomography scan, with or without megnetic resonance imaging scan, in all patients with compatible clinical findings. Stroke was classified into early, if occurring during immediate postoperative period (identified after patient extubation), or delayed, if patient remained free of neurological symptoms after extubation and before new onset neurological findings [13] .
Cardiac failure was defined as low cardiac output, requiring continuous intravenous infusion of inotropes, with echocardiographic evidence of left, right or biventricular dysfunction.
Perioperative antithrombotic management was performed according to recommendations of European Association of Cardiology/European Association for Cardio-thoracic Surgery guidelines on the management of valve heart diseases [14] .
In patients needing postoperative anticoagulation (previous atrial fibrillation [AF], mechanical valve prosthesis implantation and first 3 months after mitral valve repair and mitral and/or tricuspid biological prosthesis implantation), it was initiated during the first postoperative day (if no bleeding events occurred and if coagulation laboratory test remained in normal range). Anticoagulation regimen included continuous intravenous unfractionated heparin (UFH), monitored to obtain an activated partial thromboplastin time of 1.5-2.0 times the control value. When oral diet was restored, vitamin K antagonists were administered simultaneously. UFH was stopped when optimum target International Normalized Ratio (INR) was achieved. In patients without other indication for oral lifelong anticoagulation, a therapeutic dose of low-molecular-weight heparin was provided until the patient walked. In addition, low dose of aspirin supply was administered for the first 3 months after aortic bioprosthesis implantation. If AF appeared during the postoperative period in non-oral anticoagulated patients, isolated oral anticoagulation with vitamin K antagonist was considered, at least during the first 3 months.
No intraoperative epiaortic ultrasound was available. In patients affected by postoperative stroke, comments about operative findings related to aortic calcification and/or atheroma appearance were retrospectively evaluated.
Statistics
Distributions of risk factors in octogenarians and younger patients were quite different in our population. We aimed to compare two similar groups (according to preoperative risk factors) of octogenarians and younger patients. In these populations, we observed the influence of older age in postoperative stroke. Statistical analysis was conducted with SPSS (version 20.0, Inc., Chicago, IL, USA) 20.0. In the first step, we calculated the propensity score using a logistic regression model in which the dependent variable was age older than 80 years (younger = 0, older than 80 = 1). After estimation of the propensity score, we matched participants using a simple 1:1 nearest neighbour matching. In order to exclude bad matches (in a sense that the estimated propensity score from two matched units are very different from each other), we imposed a calliper of 0.15 of the standard deviation of the logit of the propensity score. As preoperative risk factors varied greatly between octogenarians and younger patients undergoing procedures affecting thoracic aorta, we decided to match, in this group of patients, some octogenarians with >1 younger patient. That is why the younger group was larger than the elderly group. Intraoperative and preoperative variables, indicated in italics in Table 1 , were included as predictor or independent variables.
Bivariate association between independent variables and postoperative stroke was assessed with the Student's t-test, Mann-Whitney U-test, χ 2 test and Fisher's exact test, when appropriate. Variables associated with postoperative stroke (P < 0.2 in the bivariate analysis) were included in the logistic regression analysis. All models were constructed using backward and forward stepwise variable selection. A P-value of >0.05 was considered significant.
RESULTS
Postoperative stroke was identified in 4.1% of octogenarians (17 patients) and 3.5% of younger (15 cases) (P = 0.65). Early stroke was diagnosed in 13 patients in Group A (76.5%) and 10 patients in Group B (66.7%) (P = 0.53). No intraoperative findings of calcification or atheroma were reported in patients older than 80 years suffering postoperative stroke, whereas it was noticed in 4 younger patients (26.6%) (P = 0.038): 3 cases in the early-stroke group and 1 case with delayed stroke. We independently analysed results, considering four different cardiac surgery procedures: coronary artery bypass graft (CABG), valve, combined procedures and thoracic aorta surgery (aortic root and aortic arch, with and without profound hypothermia and cardiac arrest). We found no significant differences between Groups A and B regarding incidence of postoperative stroke ( Table 2) .
Overall mortality was 13.6% (57 patients) in Group A and 9.2% (39 patients) in Group B (P = 0.040). Any type of postoperative complication occurred in 52.6% of octogenarians versus 37.6% of younger patients (P < 0.001). Stroke was the sixth most frequent complication in both groups. Incidence of postoperative AF and cardiac failure was significantly higher in Group A patients (Table 3) .
Although the incidence of postoperative AF in our series was superior in octogenarians (19.4%), only 2.4% of these patients suffered from postoperative stroke. In younger patients, with a significant lower incidence of AF (14.1%), the incidence of stroke reached 9.4% (P = 0.138), independently of anticoagulation therapy. In younger patients with postoperative AF, stroke occurred in 6 patients (early in 4 cases and delayed in 2). Delayed stroke occurred in 1 patient with mechanical aortic and mitral prosthesis and in 1 patient after mitral valve repair. INR levels at stroke diagnosis were adequate in both cases. So, although mechanical prosthesis were significantly more frequent among younger patients, anticoagulation or type of prosthesis did not influence in stroke incidence; stroke was predominantly early in patients with postoperative AF. However, among patients with postoperative low cardiac output (also identified as an incremental risk factor for adverse neurological outcome), we have not found differences between both groups (5.7% of postoperative stroke in both cases).
Postoperative stroke caused in-hospital mortality in 41.2% of patients in Group A and 26.7% in Group B (P = 0.38). Mortality in patients without postoperative stroke was slightly superior in the elderly, but without significant difference: 12.5 and 8.5%, respectively (P = 0.066). Postoperative intensive care unit (ICU) and in-hospital long stay increased when postoperative stroke occurred in both groups, when compared with patients with good neurological outcome. However, there were no significant differences related to age (Table 4) . Median of ICU stay in Group A was 3 days (range: 1-61) in patients without neurological complication and 14 days (2-47) in patients with postoperative stroke. In Group B, the median ICU stay was 2 days (1-60) and 4 days (1-79), respectively. Median hospitalization time in patients suffering from stroke was 23 days in Group A and 13 days (4-90) in Group B. Hospitalization was considerably reduced in both groups when good neurological outcome was achieved (median: 11 [0-103] days in Group A versus 7 days in Group B). Independently of age group, in-hospital stay duplicated when postoperative stroke appeared. In octogenarians, ICU stay increased 4-fold and duplicated in the younger population.
Neither independent preoperative or intraoperative risk factors nor relationship with anticoagulation therapy or postoperative AF was identified in both populations related to early or delayed stroke. In univariate analysis, early stroke significantly increased in octogenarians when preoperative haematocrit was <36% (P = 0.010) and minimum haematocrit was <20% during CPB (P = 0.043). No relationship was confirmed in multivariate analysis.
Although not statistically significant, mortality in octogenarians was higher when early stroke appeared (38.4 vs 10%), but did not differ in cases with delayed stroke (50 vs 60%). In younger patients, the highest mortality was related to delayed stroke (60 vs 10%) (P = 0.039). Early stroke appeared in 13 patients of Group A (4 CABG, 4 aortic valve surgery and 5 combined procedures). Five patients died: 1 CABG, 2 combined aortic and CABG urgent procedures, 1 combined mitral procedure (with severe cerebrovascular disease) and 1 combined aortic and CABG procedure (affected by postoperative severe cardiac failure). Postoperative early stroke was diagnosed in 10 patients of Group B (2 CABG, 5 valve procedures and 3 combined surgeries). Only 1 patient died as a consequence of stroke. Delayed stroke appeared in 5 younger patients (1 during postoperative CABG in a patient affected by severe cerebrovascular disease, 3 in patients anticoagulated due to mechanical valve prosthesis and 1 after combined mitral valve repair + CABG and recurrent episodes of AF). Considering outcomes after hospital discharge, among 10 octogenarians who suffered a stroke, 6 achieved a complete recovery, in 2 there were persistent deficit and 2 died due to stroke complications 1 and 3 months after discharge, respectively. When considering the 11 younger patients with postoperative stroke, 7 completely recovered, 2 survived with persistent deficits and 2 died 2 months after discharge.
In multivariate analysis, preoperative anaemia according with World Health Organization criteria (haemoglobin level <12 g/dl in women and 13 g/dl in men or <2 standard deviation (SD), regarding mean levels in reference population) was the only risk factor related to postoperative stroke (early + delayed stroke) in octogenarians. In younger patients, preoperative peripheral vascular disease and postoperative AF were the identified risk factors (Table 5) .
DISCUSSION
According to 2012 Ageing Report of Eurostat (Statistical Office of European Union), the number of EU citizens will increase up to 517 million in 2050. The proportion of those older than 65 years will rise from 17% in 2005 to 30% in 2060. Life expectancy will reach 84.6 years for male and 89.1 for female, and will be even slightly higher in Spain (87.9 and 91.3 years, respectively) [15] . Actually, 5.3% of the European population is older than 80 years and this percentage will also increase up to 12% in the year 2060. Increasing longevity will probably result in more cardiovascular diseases, mainly degenerative, associated with age.
Age has been related to a significant increase in mortality after CPB. Incidence of adverse neurological outcome related to CPB (stroke, transient ischaemic accident, coma, seizures or confusional syndrome) has been reported to be 1.4-6% [13, 16, 17] and can reach up to 22% in some octogenarian patients [8] . Nevertheless, mortality after cardiac surgery has gradually decreased in these patients, mainly after aortic valve procedures [17] . During the last years, the number of octogenarian patients undergoing CPB has progressively increased. Throughout the last decade, percentage of octogenarian patients who underwent a CPB at our institution has increased 3-fold, while in-hospital mortality has decreased from 11 to 8.5%, in spite of increasing of estimated mortality risk according to EuroSCORE (logistic EuroSCORE: 13.09 ± 7.03% in 2000 vs 14.63 ± 11.41% in 2012) [18] .
Despite better surgical results, the percentage of major adverse neurological outcomes in patients undergoing CPB remains constant [3-6, 8, 11, 16, 17] . Some adverse neurological outcomes were diagnosed in 7.5% of cases of our octogenarian patients, 4.1% of which were postoperative stroke. Data showed, in this group of patients, a progressive increase in the number of octogenarians undergoing CPB. It could be argued that the percentage of postoperative stroke will increase owing to a higher incidence of risk factors such as atherosclerosis and aortic calcification, carotid disease, atrial arrhythmias and preoperative cognitive disorders [1, 3, 5, 8, 17] . Nevertheless, our results have shown that, when comparing the outcome of cardiac surgery in octogenarians with that in a matched younger population, mortality significantly increases (13.6 vs 9.2%), but postoperative stroke does not (4.1 vs 3.5%).
Impact of postoperative stroke
Mortality. Occurrence of postoperative stroke after CPB has been described as directly related to a 3-or 4-fold increase in mortality [8] . As it was expected, in-hospital mortality after postoperative stroke increased 3-fold in our octogenarian population and <1.5-fold in younger patients. There are no significant differences in mortality related to early or delayed appearance of stroke in the elderly, but, in younger patients, delayed stroke is 6-fold more lethal (60% mortality among delayed versus 10% in early strokes). Delayed macroembolism related to AF probably leads to larger ischaemia compared with early microembolism. This influences in-hospital mortality in younger patients, but not in the elderly in whom brain atrophy prevents intracranial hypertension related to large brain infarcts.
In conclusion, when we compared results with a younger population matched according to gender, type of surgery and comorbidity, we did not find a significant association between older age and mortality after stroke.
Postoperative cost increase. Increased in-hospital stay and postoperative costs due to stroke after CPB might be expected. We observed a 2-fold increase in mean hospital stay, both in octogenarians and in younger patients. Median ICU stay after stroke, increased 4.5-fold in octogenarian patients and 2-fold in the younger population. Considering that median in-hospital stay was 11 days in octogenarians and 7 days in younger patients, stroke occurrence after CPB at least duplicates hospitalization costs in both groups. Since the in-hospital-stay cost in our population of a non-complicated cardiac surgery increases 57% in octogenarians (11 vs 7 days), compared with younger patients, a postoperative stroke might lead to an extra charge over 300%.
Aetiology of stroke. Aetiology of neurological damage after CPB has been related to embolic phenomena during surgery (air, cellular aggregates, lipids vehiculated by cardiotomy suction and calcic or arteriosclerotic debris) or during postoperative period (AF and embolic episodes), or to inflammatory phenomena associated with CPB, leading to cerebral hypoperfusion or hypoxaemia.
Early stroke was the most common type in both groups. Surprisingly, we did not identify differences related to cardiac surgical procedure. Incidence of stroke associated with low cardiac output was similar in both groups and independent of postoperative anticoagulation treatment.
In octogenarians, no intraoperative findings related to ascending aorta calcification and/or atheroma were noticed, and, although postoperative AF is more frequent, incidence of postoperative stroke related to intracardiac embolization is really low (2.4%). Preoperative anaemia is the most determinant risk factor related to stroke after CPB in our population. A rate of 70.8% of octogenarians with a postoperative stroke presented with preoperative anaemia. Also, we have observed, in this group of patients, a near-significant relation between minimum haematocrit value under 20% during CPB and postoperative stroke (P = 0.082; odds ratio: 3.51; CI 95%: 0.81-15.21) [19] (Table 5) . Cerebral blood flow and oxygen liberation decreases in the elderly at the start of CPB [20] . In addition, preoperative anaemia impaired cerebral autoregulation [21, 22] . There is also an increased brain susceptibility to inflammatory mediators during acute haemodilution situations, as it occurs at the start of CPB in anaemic patients [21] . In conclusion, we hypothesize that, in the elderly, postoperative stroke is more related to low oxygen brain liberation during CPB than to embolic phenomena.
Nevertheless, in our younger population, factors favouring cerebral hypoperfusion, such as previous cerebrovascular disease or embolic phenomena, are main risk factors. In >25% of younger patients, aortic atheroma was observed intraoperatively, and embolic stroke related to postoperative AF was more frequent.
Study limitations
There is a low incidence of postoperative stroke in our series. As octogenarians represent a low percentage of population undergoing CPB, the design of prospective studies is difficult. We have tried to avoid introducing bias related to octogenarian selection, matching with a younger population, comparable in gender, type of surgery and comorbidity. Similar to other retrospective nonrandomized study, this study has several limitations. First, we have only retrospectively analysed intraoperative findings about aortic atherosclerotic disease in patients affected by postoperative stroke. We also have not got complete information provided by epiaortic ultrasound. We can only hypothesize about hypoxemic cerebral damage secondary to anaemia. Further investigations evaluating cerebral oximetry during CPB could confirm or refute this theory. Finally, only in-hospital stroke was reported.
However, as it is given in Table 5 , although preoperative anaemia is the only significant risk factor for stroke in octogenarians, the large confidence interval range does not permit us to rule out other unidentified risks factors related to postoperative stroke appearance. So, our results must be cautiously evaluated.
In conclusion, postoperative stroke after CPB was not significantly more frequent in our octogenarian population. In younger patients, anatomical causes favouring brain hypoperfusion during CPB, such as peripheral vascular disease and cardioembolic phenomena, were the most determinant factors for this postoperative neurological damage. According to our results, it seems that intraoperative inadequate brain oxygenation during CPB (secondary to preoperative anaemia) is the most critical determinant risk factor in patients older than 80 years. We suggest that a careful control of intraoperative haemodilution, haemoconcentration techniques and restriction of haematic losses are advisable in elderly patients.
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